Objective: Acanthamoeba is one of the most abundant free-living amoebas that is widely distributed in natural and artificial environment resources. Acanthamoeba pathogenic genotypes cause chronic human diseases including amoebic keratitis and granulomatous amoebic encephalitis. The aim of this study was to determine and identify Acanthamoeba genotypes residing in pools and stagnant water in ponds in Sistan region in southeast Iran. This descriptive study was conducted at the Parasitology Laboratory, School of Medicine, Zabol University of Medical Sciences. Methods: In this descriptive study, 93 water samples were collected from pools and ponds in Zabol, Zahak, Hirmand, Hamoon, and Nimrooz in Sistan region. Samples after filtering through 0.45-μm nitrocellulose paper filters were cultured in a 1.5% non-nutrient agar medium enriched with heat-killed Escherichia coli. Polymerase chain reaction (PCR) was conducted using specialized primers for detecting the genus Acanthamoeba. The sequencing of positive samples was used for determining Acanthamoeba genotypes. Results: From 82 free-living amoeba positive culture samples, 38 isolates were confirmed to belong to the genus Acanthamoeba by PCR. On sequencing, 34 samples (89.47%) belonged to the T4 genotype, three (7.9%) to the T5 genotype, and one (2.63%) to the T3 genotype. Conclusion: All genotypes found in this study are potentially pathogenic. The T4 genotype is the main genotype of Acanthamoeba responsible for amoebic keratitis. Resource water is a potential risk factor for the distribution of free-living amoeba. Therefore, more attention of health authorities to determine, training and prevention from infection are recommended. 
INTRODUCTION
Members of Acanthamoeba genus are widely distributed in nature. Acanthamoeba species are isolated from soil, dust, air, drinking and mineral water, sea water, swimming pools, sewage, Jacuzzi tubs, aquariums, flower soil, surgery units, dentistry and dialysis units, ventilation/air conditioning units, contact lenses as well as from vegetables, fishes, reptiles, amphibians, birds, and humans (1) . The life cycle of Acanthamoeba species includes two active trophozoite and cystic stages. A trophozoite in Acanthamoeba species can change into a cyst by switching its phenotype in harsh environmental conditions including lack of food, high temperature, unsuitable osmolarity, and other environmental stresses such as contact with antiseptic agents. Acanthamoeba species can retain its pathogenicity in suitable conditions and is transmitted to humans (1, 2) . Acanthamoeba species causes human infection by polluted soil and water to cyst or trophozoite through dermal lesions or breathing organs by flowing air infected. Acanthamoeba pathogenic genotypes result in chronic human diseases including amoeba keratitis and the rare but deadly granulomatous amoebic encephalitis (GAE). Unlike GAE, Acanthamoeba keratitis infects healthy people after damaging the cornea, particularly in individuals using contact lenses. In addition, Acanthamoeba species can lead to pneumonia, sinus infections, and serious dermal lesions in individuals with immune system deficiencies (2). Till date, based on 18S ribosomal DNA sequencing, 18 different genotypes of Acanthamoeba (T1-T18) have been identified. The most common pathogenic isolates are the T3, T4, and T5 genotypes (3) . Most of the separated genotypes from clinical and environmental samples worldwide and in Iran belong to the T4 genotype, and it is the most important genotype isolated during amoeba keratitis and GAE (2-4).
The isolation of Acanthamoeba genotypes from environmental sources and human clinical cases has been reported from many parts of the world (3) (4) (5) (6) According to previous studies, water resources are one of the most important risk factors for separated of this potential pathogen amoeba (5-7).
Objectives: Due to specific climatic conditions, Sistan and Balochistan regions are couple of the most important regions for studying the transmission of the pathogenic genotypes of this parasite. The aim of the present study was to detect and determine different genotypes of Acanthamoeba residing in stagnant water in Sistan region in southeast Iran using molecular biology techniques.
METHODS

Sampling
In this descriptive study, a total of 93 water samples from pools and ponds were randomly collected in Sistan region (Zabol, Zahak, Hirmand, Hamoon, and Nimrooz) in southeast Iran in 2014. All samples were collected in a receptacle 1000 mL screw cap tube and were transferred to the Parasitology and Mycology Laboratory, School of Medicine, Zabol University of School of Medicine.
Filtration and cultivation
Samples were filtered by a pumping machine through 0.45-μm nitrocellulose paper filters. The sediment on filters in upside down way conveyed in 1.5% non-nutrient agar medium was prepared with amoeba page saline and covered by heat-killed Escherichia coli (7) . The medium was completely blocked by parafilim and was placed at 27°C. The plates was studied daily from the third day by light microscopy. Positive free-living amoeba plates were separated for conducting the next phases of the study, and due to the late growth of some free-living amoeba, other plates were kept and investigated for 1 month and were then removed from the study as negative samples.
Harvesting amoeba from culture Harvesting amoeba from the medium established by sterile swab and adding 5 mL of phosphate-buffered saline (PBS) to the medium. The solution was transferred to a distinct bottle and was washed three times by sterile PBS (pH=7.2) at 2500 rpm for 2.5 min. Finally, the supernatant was removed and sediment ( Figure 1 ) which having some enough amoeba for extracting DNA, transferred to 1.5-ml micro-tubes and kept in a −20°C freezer for further examination.
DNA extraction and polymerase chain reaction (PCR) DNA extraction was performed using a Dyna Bio kit (Takapuzist, Iran). PCR was performed using a pair of specialized primers, JDP1 and JDP2, that amplified a 423 to 551-base pair fragment in 18S ribosomal DNA specific to Acanthamoeba sp. (8) . The sequences of these primers were as follows: Amplification was done using a thermocycler (Eppendorf, Germany) established by following application in 33 cycles: denaturation at 94°C for 35 s, annealing at 57°C for 45 s, extension at 72°C for 1 min, and final extension at 72°C for 5 min.
The PCR product was loaded on 1% agarose gel (containing 1 ng/mL of ethidium bromide) by electrophoresis and was visualized under ultraviolet light (Gel Doc SYNCENE) for specific band identification.
Acanthamoeba genotyping
The sequencing of PCR products was conducted by an automatic sequencer (ABI 3730XL Genetic Analyzer, USA) in Takapuzist (Takapuzist CO, Tehran, Iran). The results were analyzed using the Basic Local Alignment Search Tool in the National Center for Biotechnology Information database and by comparing with the sequence strains registered in GenBank for determining the genotypes of the isolates.
Statistical analysis
The results were recorded in data forms. For statistical analysis, Statistical Package for the Social Sciences 16.0 (SPSS Inc.; Chicago, IL, USA) was used for evaluation.
RESULTS
Of the 93 studied water samples, 82 samples (88.17%) were positive for free-living amoeba. Acanthamoeba sp. was identified in 38 samples (46.34%), which showed a 500-bp band using specialized primers JDP1 and JDP2 (Figure 2) . Results of nucleotide sequencing showed 38 positive samples of Acanthamoeba in Sistan region, including 34 samples (89.47%) belonging to the T4 genotype, three (7.9%) to the T5 genotype, and one (2.63%) to the T3 genotype ( 
DISCUSSION
The purpose of this study was to determine the prevalence and genotype of Acanthamoeba sp. in stagnant water in Sistan region in southeast Iran. Acanthamoeba sp. is abundant in environmental resources including stagnant water, swimming pools, and ponds. Human contact with this potential pathogenic amoebic parasite during daily life and an increasing number of contact lens users are risk factors for the transmission of Acanthamoeba to humans (2, 6, 8) . The results of this study demonstrated that pond water and many pools and (46.34%) in Sistan region contain Acanthamoeba strains.
The prevalence of Acanthamoeba in different environmental sources has been studied in some regions of the world. The infection rate from Acanthamoeba has been reported to be 6.7% in public bathrooms in Hungary (9) . The prevalences of Acanthamoeba in rivers water samples in America, Jamaica, Germany, and Bulgaria were 7%, 26.4%, 79%, and 94%, respectively (4). Acanthamoeba was isolated from 21%, 22.5%, 26.3%, 36.1%, and 59.5% of household water sources in Spain, Nicaragua, Japan, Brazil, and Mexico respectively (10-14).
Rezaeian et al. (15) reported that 46.25% of different environmental source samples in Tehran were infected with Acanthamoeba. A study by Hooshyar et al on surface stagnant water in Qazvin city found that 43.8% of the samples were infected with Acanthamoeba strains (6).
The results of nucleotide sequencing in this study showed that most isolates belonged to the T4 genotype (89.47%), followed by the T5 genotype and the T3 genotype (7.9%). All these genotypes are pathogenic and can causes dangerous infections such as GAE and amoeba keratitis (2, 3) . Several studies have shown that the T4 genotype is the most prevalent genotype isolated from environmental and clinical samples in Iran and worldwide (3, 5, 7, 8, 16) . A study by Evyapan et al. (17) water samples and 50 soil samples in Turkey showed that the T4, T3 and T15 genotypes were detected in water samples and the T4and T3 genotypes were detected in soil samples (17) .
The T4 genotype was the predominant genotype (78.6%) in surface stagnant water in Qazvin city (6) . In addition, some studies on soil samples from parks in Tehran, water sources in Poland, and a keratitis patient in China showed that all samples studied belonged to the T4 genotype (18) (19) (20) .
A study on 110 water and soil samples in Ahawaz showed that 43 water samples (71.6%) and 13 soil samples (26%) were infected with Acanthamoeba and that they belonged to the T4 (86.6%), T2(6.6%), and T5(6.6%) genotypes (5).
The T4 genotype is the most prevalent genotype in environmental sources. This genotype is one of the most virulent genotypes and has an increasing importance due to its high range of distribution in environmental sources and the resistance of its cysts to antiseptics (2, 3) .
The severity of disease in a person infected by the T4 genotype of Acanthamoeba will be enhanced as this genotype produces more cytotoxic factors than the T5, T3, and T2 genotypes (21) .
The distribution and high prevalence of Acanthamoeba genotypes in pools and pond water in Sistan region are very important. The climatic condition of Sistan region is particular: blowing 120 day winds, lots of dust and dirt in air, little annual rainfall, and poor environmental water resources, which result in the increased transmission of this parasite and diseases arising from it. A study in Turkey showed that Acanthamoeba keratitis is associated with contact with domestic tap water in individuals who have ocular surface disease or ocular trauma in areas potentially endemic to Acanthamoeba (22) . As the predominantly recognized genotype in present study is T4 and based on the fact that this genotype is one of the most important causes of Acanthamoeba infections, water resources in this study can be considered as an important source for the transmission of infection. Authorities and health managers should pay more attention in managing water resources, and the awareness of therapeutic system personnel in recognizing this amoeba should be increased. Sanitary principals and training health authorities and more investigation in environmental resources and clinical samples in this region will be effective on prevention of Acanthamoeba infections.
CONCLUSION
All genotypes found in this study are potentially pathogenic; the T4 genotype is the main genotype of Acanthamoeba responsible for amoebic keratitis. Resource water is a potential risk factor for the distribution of free-living amoeba. Therefore, more attention of health authorities to determine, training and prevention from infection are recommended.
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